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Description 



SYSTEM TO FACILITATE ALIGNMENT 
AND FOCUSSING OF A FUNDUS CAMERA 

Background of Invention 

[0001] This application is a continuation of International Applica- 
tion PCT/AU02/01681, with an international filing date of 
December 13th, 2002, published in English under PCT Ar- 
ticle 21(2), which is a Paris Convention filing of Australian 
Application PR 9500 having a priority date of December 
13th, 2001. International application PCT/AU02/01681 
and Australian application PR 9500 are hereby incorpo- 
rated by reference herein. 

[0002] FIELD OF THE INVENTION 

[0003] This invention relates to improvements in devices for 
alignment and focusing of a fundus camera. 

[0004] a fundus camera is used to capture an image of the fun- 
dus (posterior portion of the eye, including the retina and 
blood vessels). This fundus image can be examined by a 
third party or compared to fundus images taken at an ear- 



lier date, to facilitate diagnosis of retinal disease. 

[0005] The fundus camera comprises an objective lens to form an 
image of the fundus of the eye, other lenses to form an 
image on the recording plane of a camera, and an illumi- 
nation system to project light into the eye so that the fun- 
dus image is sufficiently bright that an image may be cap- 
tured on the camera. 

[0006] jo enable a useful image to be formed without unaccept- 
able reflections from the anterior parts of the eye 
(including the cornea, iris and vitreous lens) the fundus 
camera must be aligned very accurately. For capture of 
fundus images without mydriasis to dilate the pupil, the 
required accuracy of the fundus camera alignment is diffi- 
cult to achieve without features to guide the operator in 
the alignment of the fundus camera. Once correct the 
fundus camera alignment has been achieved, that align- 
ment must be maintained while the camera focus is ad- 
justed. 

[OOO 7 ] DESCRIPTION OF THE RELATED ART 

[0008] To facilitate accurate focusing of the fundus camera, one 
or more lines may be projected onto the eye fundus and 
the reflections of these lines may then be observed 
through the fundus camera. 



[0009] Further, split prisms may be provided within the illumina- 
tion system such that the image of the projected lines on 
the eye fundus appears split if the camera is not correctly 
focused, as discussed in US patent 3,925,793. 

[0010] The optical components for such a system for projecting a 
line to aid focusing may be separate from the illumination 
system and combined with an afocal lens system, such 
that the focus of the viewing system and the focal plane of 
the projected line system may be maintained coincident as 
the focus of the viewing system is adjusted as discussed 
in US patent 4,187,014. 

[001 1] |f the fundus camera alignment changes during focusing, 
for example due to movement of the subject's eye, then 
the image captured may be degraded by loss of light and 
reflections from the anterior portion of the eye. Thus it is 
important that the alignment aids be available to the op- 
erator while focus is being adjusted. 

[0012] Previous inventions have provided for one or more align- 
ment marks that may be projected such that they form a 
single focused image in the camera system when reflected 
from the cornea of the eye, such as US patent 4,251,139 
et al. 

[0013] This image may be superimposed on the image of the eye 



fundus, thus allowing the operator to monitor the align- 
ment of the fundus camera while adjusting focus of the 
fundus image. The operation of a fundus camera incorpo- 
rating such alignment marks is not intuitive and skill is 
required by the operator to interpret the image seen 
through the fundus camera to allow correct alignment of 
the fundus camera. Also the focus of the alignment marks 
may change as the focus of the fundus camera is adjusted 
to suit the particular subject's eye. 

[0014] Alternatively, the alignment of the fundus camera can be 
facilitated by providing the operator with an in-focus view 
of the anterior portions of the eye, including the iris, dur- 
ing alignment. Such view has been found to not give suffi- 
cient information for accurate alignment, particularly in 
the axial direction, so that an additional indication of axial 
position of the fundus camera is desirable. 

[0015] Previous inventions have provided for projection of 2 sep- 
arate alignment marks onto the iris of the eye to facilitate 
alignment. The alignment marks may be formed by infra- 
red light, such that the pupil of the eye does not constrict 
if the light enters the subject's eye. When the fundus cam- 
era is correctly positioned, the two alignment marks are 
coincident and in focus on the iris of the eye as discussed 



in US Patents 4,257,688 and 4,252,420 and 4,253,743. 
[0016] Correct alignment of the fundus camera using such align- 
ment marks has been found to be intuitive and straight- 
forward. An observation system must be provided, how- 
ever, to enable the alignment marks to be observed by the 
operator. This observation system may incorporate a 
camera system that is separate from the fundus camera 
optical path, but this increases the bulk of the fundus 
camera in proximity to the subject and the field of view of 
the observation system may be obscured by the subject's 
facial features. 

[0017] jo avoid these problems, the observation system may 

share part of the fundus camera optical path including the 
objective lens, by including optical components into that 
system so as to enable an image of the iris part of the eye 
to be formed. This observation system may include an in- 
frared camera. 

[0018] previous inventions have provided for the formation of an 
image of anterior parts of the eye including the iris for 
fundus camera alignment by interposing an auxiliary lens 
or lenses behind the objective lens such as US patent 
3,936,844. 

[0019] This auxiliary lens would allow the alignment marks on 



the iris of the eye to be observed, but does not allow the 
fundus of the eye to be observed concurrently. 
[0020] Fundus cameras currently available that provide an ante- 
rior view option for alignment typically require the opera- 
tor to manually switch the instrument from anterior view 
mode for alignment to fundus view mode for focusing. It 
is desirable that both the anterior and posterior portions 
of the eye are visible concurrently to facilitate intuitive, 
easy and accurate alignment of the fundus camera and 
correct focus adjustment. Also, it is desirable that focus- 
ing marks be projected near to the centre part of the fun- 
dus field of view for optimum focussing. 
Summary of Invention 

[0021] Accordingly in one form of the invention there is provided 
a fundus camera that enables both an eye fundus image 
and an anterior image to be viewed concurrently in focus, 
including an objective lens for forming an eye fundus im- 
age at a plane il at least one light source for illuminating 
the fundus, a reflective means for directing the or each 
light source onto the fundus, at least one condenser lens 
for directing the or each light source onto the reflecting 
means, an auxiliary lens disposed between said objective 
lens and said image plane il for forming an anterior im- 



age of the eye at said image plane il, where said anterior 
image replaces only part of the eye fundus image formed 
at said image plane il, an observation means for viewing 
the image formed at said image plane il, and a photo- 
graphic means for capturing said image. 

[0022] Preferably, the auxiliary lens is laterally offset from an op- 
tical axis of the objective lens. 

[0023] Preferably, an illumination stop is placed before the con- 
denser lens to restrict light from impinging upon the aux- 
iliary lens. 

[0024] Preferably, the fundus camera further includes retracting 
means for removing said auxiliary lens and said illumina- 
tion stop when a photographic image is to be captured. 

[0025] jhe auxiliary optical components including an auxiliary 
lens that is placed after the objective lens and before the 
first image plane il for forming an anterior image of an 
anterior part of the eye at the first image plane il.. Thus 
an in-focus view of the anterior portion of the eye includ- 
ing the iris replaces part only of the eye fundus image 
viewed through an observation system, so that the ante- 
rior and fundus portions of the eye can be observed con- 
currently and in focus. 

[0026] observing the anterior and fundus portions of the eye 



concurrently and in focus is not possible for the typical 
fundus camera optical system as the entrance pupil 
(coplanar with the eye pupil) is relatively much smaller 
than the objective lens and the light from points on the 
fundus and anterior areas of interest traveling to the fun- 
dus camera observation system form a ray bundle of rela- 
tively small cross-section at the objective lens, with the 
result that eye fundus and anterior views may be sepa- 
rated. The auxiliary optical components also include a 
stop placed at a plane in the illumination system that is 
substantially conjugate with the plane of the auxiliary 
lens, to restrict light from the illumination system that 
may fall on the auxiliary lens and so result in excessive 
light being reflected from surfaces of the fundus camera 
or the subject's eye back into the fundus camera. 

[0027] Some of the auxiliary optical components may be removed 
from the optical path of the fundus camera when required 
to enable an unobstructed image to be captured by a 
photographing system. 

[0028] Preferably a plurality of separate alignment marks are 

projected onto the iris of the eye such that the alignment 
marks are coincident and in focus and may be observed in 
the anterior view when the fundus camera is correctly 



aligned. 

[0029] it is also preferable that the auxiliary lens is offset so that 
the centre portion of the field of view is substantially un- 
obscured to allow observation of the fundus and focus 
targets projected thereon for optimum focussing. The op- 
tical axis of the auxiliary lens may be at the centre of the 
auxiliary lens or may be offset relative to the centre of the 
auxiliary lens thereby optimizing the field of view of the 
anterior view so that the anterior view includes that ante- 
rior portion of the eye upon which the alignment targets 
are projected when the fundus camera is correctly aligned. 
Alternatively or in addition a wedge prism may be in- 
cluded with the auxiliary lens to modify the offset of the 
field of view of the anterior view. 

[0030] Preferably in one embodiment of the invention the auxil- 
iary lens is linked to the fundus camera focussing system 
by linkages or the like such that the auxiliary lens moves 
axially through a distance so as to maintain the anterior 
view in adequate focus to allow clear observation of the 
alignment marks as the focus state of the fundus image is 
adjusted by axial movement of the fundus camera fo- 
cussing system through a distance not necessarily the 
same. 



[0031] | n a further form of the invention, the auxiliary compo- 
nents include a first mirror or first reflecting prism that is 
interposed behind the objective lens between the objec- 
tive lens and a first image plane ii, so that part only of the 
light coming from the objective lens is then passed 
through an optical system that then forms an image of the 
anterior part of the subject's eye on the image plane of 
the observation optical system, replacing part only of the 
image of the fundus of the subject's eye. Said first mirror 
may be partly reflecting only so that a portion of light 
from the objective lens passes through the mirror, so that 
the anterior view appears superimposed over the eye fun- 
dus view at the image plane of the observation system. 

[0032] The anterior portion of the eye that appears in the ante- 
rior view may be illuminated by light projected from the 
alignment target projection devices such that the light il- 
luminates the anterior region around the targets, or from 
an external source or from partially transmitting regions 
of the stop that is provided in the illuminating system 
where such light does not reflect from the cornea of the 
eye so as to cause unacceptable transmission of light back 
into the observation system. 

[0033] ^ is also preferable that the alignment marks are pro- 



jected from non-opposite positions such that a first mark 
moves over the eye iris tangentially to the eye axis as the 
fundus camera is moved towards the eye and a second 
mark moves at an angle other than 180 degrees to the 
first, to further facilitate the perception of the operator of 
any misalignment of the alignment marks. 

[0034] The alignment marks may be projected from a source ex- 
ternal to the optical path of the fundus camera, or may be 
projected from a source internal to the fundus camera and 
then through the objective lens to the subject eye. 

[0035] it is also preferable that the observation system includes a 
reticule that is concentric with the pupil of the eye when 
the system is correctly aligned with respect to the eye, to 
further facilitate correct alignment of the instrument. 

[0036] it is also preferable that the projected alignment and fo- 
cus marks are formed in infrared light and the observation 
system includes a camera sensitive to infrared light, so 
that projection of the marks into the subject's eye does 
not cause the subject's pupil to contract. 

[0037] The image of the fundus of the subject eye and the ante- 
rior view of the anterior portion of the eye with alignment 
targets may be observed by way of an observation camera 
separate to the primary photographing camera. Alterna- 



tively this image may be observed by the primary pho- 
tographing camera if the photographing camera is ren- 
dered sensitive to infrared light during the alignment 
phase by removal of some or all of the infrared filters typ- 
ically provided for digital colour photographing cameras. 
These images may then be monitored on a PC or dedi- 
cated monitor. 
Brief Description of Drawings 

[0038] jo assist with understanding the invention, reference will 
now be made to the accompanying drawings which show 
at least one preferred embodiment of the invention. 

[0039] | n the drawings:Figures 1A and IB shows a preferred ex- 
ample of a fundus camera with projected alignment tar- 
gets and viewing system according to this invention. 

[0040] Figure 2 shows a representation of the resultant image on 
the viewing system of the fundus camera. 

[0041] Figure 3 shows one type of focussing system, with linkage 
of the auxiliary lens and reticule to said focus adjustment 
mechanism. 

[0042] Figures 4A and 4B shows how perception of the move- 
ment of two alignment marks may be enhanced by pro- 
jection from non-opposite positions. 

[0043] Figure 5 shows a part of an alternative form of the inven- 



tion where the anterior view image is formed in an optical 
path external to the fundus camera optical path. 
Detailed Description 

[0044] Referring to figure 1A it can be seen that the light source 
10 projects light via condenser lens 11, mirror 12, lens 8, 
mirror 5 through objective lens 1 onto the fundus ER of 
the subject eye. Stop 13 is conjugate with auxiliary lens 
14, such that no light from light source 10 impinges on 
auxiliary lens 14, thus avoiding unwanted reflections from 
lens 14 and also from the eye pupil EP and other anterior 
surfaces of the subject eye after transmission through 
lens 8. 

[0045] |_jght from source 10 that is reflected from the eye fundus 
ER passes through objective lens 1, forming a first aerial 
image il and then to photographing lens 2, mirror 15 and 
16, and relay lens 17 to the observation camera 18. 

[0046] Figure IB shows a close up of figure 1A. Concurrently 

light from one or more alignment targets 20 is projected 
via mirror 21 through objective 1 and an image of the 
alignment target is focused onto the iris of the eye pupil 
EP of subject eye. 

[0047] Concurrently light reflected from the eye pupil EP passes 
through the objective 1 and the auxiliary lens 14 to form 



an aerial image of the eye pupil at a first image plane il 
and then to photographing lens 2, mirror 15 and 16, and 
relay lens 17 to the observation camera 18. A reticule 19 
may be positioned at the first image plane to provide an 
additional guide to aligning the fundus camera. 

[0048] Referring to figure 2, it can be seen that the image ap- 
pearing on the monitoring system for the observation 
camera 18 comprises an image of the pupil of the eye E{ 
with image of the alignment target 38 on the eye iris 36 
replacing part of the image of the fundus of the eye 37. 

[0049] | n the case of a plurality of alignment targets 20, the im- 
age of the targets 38 is comprised of a plurality of target 
images that are coincident or otherwise aligned when the 
fundus camera is correctly aligned. The reticule 19 would 
appear superimposed onto the image of the pupil of the 
eye EP as a reticule image 39, and would be concentric 
with that pupil when the fundus camera is correctly 
aligned. The split line 40 is the image of the aperture 
plate 24 shown in figure 3, and will appear as a single line 
when the fundus image is correctly focused. 

[0050] when elements 12, 13, 14, 19, 28 and 15 are removed 
from the optical paths it can be seen that light projected 
from light source 6 now passes through lens 7 and 



through the optical system to the eye fundus ER of the 
subject eye and reflections thereof then pass through the 
objective lens 1 and then to the photographing camera 3, 
thereby enabling an unobstructed image to be captured 
by the photographing camera. 

[0051] Figure 3 shows one preferred version of the invention. Re- 
ferring to figure 3, it can be seen that light from a source 
22 can be projected through lens 23 and plate 24 that in- 
cludes apertures that may be a slit or plurality of slits and 
then through lens 26, mirrors 27 and 28, objective 1 to 
the eye fundus ER. If a pair of opposed prisms 25 are 
placed adjacent to the aperture plate 24 then the image 
on the eye fundus ER will be split about a line corre- 
sponding to the junction of the two prisms if the image of 
the aperture is not focused exactly onto the eye fundus 
ER. As is well known in the art, this split target projection 
can be used to facilitate identification of correct focussing 
of the fundus camera. 

[0052] Referring to figure 3, it can be seen that auxiliary lens 14 
can be connected by a linkage to an arm 34 which is con- 
nected to a module 31 which includes items 22, 23, 24, 
25, 26, 29 and 19. Module 31 can be moved to adjust the 
focus of the imaging system as is well known in the art, 



and the auxiliary lens 14 can then be seen to move in the 
same direction but through a different distance, so as to 
maintain the image of the eye pupil EP approximately co- 
planar with the image plane il defined by the focus of 
module 31 components. 

[0053] Referring to figure 4A it can be seen that as an alternative 
to the design in figure 1, the alignment marks may be 
projected by means 20 external to the fundus camera op- 
tical path. In the case of either internal or external projec- 
tion, the alignment marks 38 and 38' are projected such 
that they are coincident or otherwise aligned when the 
fundus camera is correctly aligned in the axial direction. 
Also shown schematically in figure 4B is the effect of the 
movement of the alignment marks projected onto the eye 
iris as the fundus camera is moved closer to the eye. 

[0054] For the cases of either internal or external projection if 

one mark 38' is projected from projection module 20' that 
is in a position other than symmetrically opposite the 
other alignment mark projection module 20 then relative 
movement serves to enhance the perception of correct 
alignment. 

[0055] | n the example shown in figure 4b mark 38 moves hori- 
zontally over the iris 36, as the fundus camera is moved 



towards the eye and the other mark 38' moves at an angle 
to the horizontal, to further facilitate the perception by 
the operator of any misalignment of the alignment marks. 
[0056] Referring to figure 5 it can be seen that as an alternative 
to the design in figure 1A, the anterior view may be 
formed by auxiliary components that are external to the 
optical path of the optical system. In figure 5 light re- 
flected from the eye pupil EP passes through the objective 
1 and via the reflecting means 41 to the external auxiliary 
lens 42 to form an aerial image of a portion of the eye iris 
and the alignment target at a first image plane il and then 
via a second reflecting means to the external photograph- 
ing lens 44, a third reflecting means 45 and a fourth par- 
tially reflecting means 46 that recombines the anterior 
image with the fundus image first formed at the first im- 
age plane il. 

[0057] | n this embodiment of the invention items 41 and 46 are 
removed from the fundus camera optical path to allow an 
unobstructed image to be captured by the photographing 
camera 3. 

[0058] what is claimed is: 



